Background: The European system for cardiac operative risk evaluation (EuroSCORE) is currently used in many institutions and is considered a reference tool in many countries. We hypothesised that too many variables were included in the EuroSCORE using limited patient series. We tested different models using a limited number of variables. Methods: A total of 11 150 adult patients undergoing cardiac operations at our institution (2001)(2002)(2003)(2004)(2005)(2006)(2007) were retrospectively analysed. The 17 risk factors composing the EuroSCORE were separately analysed and ranked for accuracy of prediction of hospital mortality. Seventeen models were created by progressively including one factor at a time. The models were compared for accuracy with a receiver operating characteristics (ROC) analysis and area under the curve (AUC) evaluation. Calibration was tested with Hosmer-Lemeshow statistics. Clinical performance was assessed by comparing the predicted with the observed mortality rates. Results: The best accuracy (AUC 0.76) was obtained using a model including only age, left ventricular ejection fraction, serum creatinine, emergency operation and non-isolated coronary operation. The EuroSCORE AUC (0.75) was not significantly different. Calibration and clinical performance were better in the five-factor model than in the EuroSCORE. Only in high-risk patients were 12 factors needed to achieve a good performance. Conclusions: Including many factors in multivariable logistic models increases the risk for overfitting, multicollinearity and human error. A fivefactor model offers the same level of accuracy but demonstrated better calibration and clinical performance. Models with a limited number of factors may work better than complex models when applied to a limited number of patients. #
Introduction
Many different mortality risk scores have been introduced and are presently in use for cardiac surgery patients. In the past decade, the European system for cardiac operative risk evaluation (EuroSCORE), both in its additive and logistic form, has gained increasing popularity [1, 2] . The EuroSCORE is intended to be used for all adult cardiac surgical procedures and includes 17 independent variables. After its introduction, it was validated under different conditions [3, 4] and demonstrated acceptable performance. However, many authors have emphasised that the accuracy level rarely exceeds an area under the curve (AUC) of 0.78 and that the calibration may be poor in lowand high-risk patients [5] [6] [7] [8] [9] [10] . The process for developing a risk model or risk score can be based on different statistical methodologies. Hospital mortality is a binary variable, and its occurrence is defined within a specific point in time (30 days after the operation). Under these statistical conditions, risk prediction can be achieved using the Bayes' theorem or, more commonly, through a multivariable logistic regression analysis. The EuroSCORE, as with many other mortality risk scores previously proposed for cardiac surgery, is based on this second approach. However, using multivariable logistic regression for assessing the risk of mortality is a procedure that may suffer from many possible biases [11, 12] .
In a recent article [13] , we could demonstrate that, in elective patients, a mortality risk score (age, creatinine, and left ventricular ejection fraction (ACEF)) can be developed with only three risk factors (age, left ventricular ejection fraction (EF) and creatinine value). In a validation cohort, the ACEF performed with the same or better accuracy than the EuroSCORE, but provided a more highly calibrated risk prediction.
The primary endpoint of the present study is to investigate the accuracy, calibration and clinical performance when using a limited number of risk factors selected within the 17 factors included in the EuroSCORE.
Methods

Patients
All data were retrieved from our institutional database after approval of the study design by the local ethical committee. Data included operations performed between January 2001 and December 2007. Exclusion criteria were age below 18 years and/or operation for congenital heart defects. From the original dataset of 12 075 patients, 925 were excluded according to these criteria. The remaining cohort of 11 150 patients was included in the study.
Data collection
The following preoperative data were collected: age, sex, weight, left ventricular EF (the lowest in case of multiple recent assessments), recent (90 days) myocardial infarction, unstable angina, extracardiac arteropathy, pulmonary hypertension, critical preoperative conditions, active endocarditis, serum creatinine value, chronic dialytic treatment, haematocrit value, chronic obstructive pulmonary disease, medicated diabetes, neurological dysfunction, previous vascular surgery and previous cardiac surgery. Operative data included emergency operation, operations other than isolated coronary artery bypass graft (CABG), combined operation (valve + CABG or more than one valve), isolated mitral valve or aortic valve procedure, post-myocardial infarction ventricular septal defect repair and thoracic aorta operation. All of these conditions were defined, if necessary, according to the EuroSCORE [1] definitions.
Predicted hospital mortality rate was assessed according to the additive EuroSCORE [1] , and observed mortality rate (in-hospital or within 30 days from the operation) was recorded.
Statistics
The 17 risk factors considered by the EuroSCORE were first evaluated for their association with the observed mortality in a univariate analysis using a logistic regression analysis for continuous variables and a Pearson's chi-square (x 2 ) test for categorical binary variables. The accuracy of each independent variable in predicting mortality was tested using a receiver operating characteristics (ROC) analysis. The AUC was used to rank the variables according to their predictive accuracy.
Different risk models were subsequently tested by progressively adding the risk factors, one by one, in the order defined by the individual accuracy ranking (starting with the best and ending with the worst). Each model was tested for accuracy, calibration and clinical performance.
Accuracy was defined according to the AUC at the ROC analysis, where the higher the AUC, the better the accuracy. Calibration was tested using Hosmer-Lemeshow statistics, where the higher the P value was, the better the calibration of the model. Clinical performance was assessed by comparing the observed and the predicted mortality rates according to the mean value with 95% confidence interval.
The statistical tests applied included comparison of the AUCs based on values and 95% confidence interval and linear regression analysis. All tests were two-sided. A P value <0.05 was considered significant for all statistical tests. Statistical calculations were performed using a computerised statistical program (SPSS 13.0, Chicago, IL, USA).
The authors had full access to the data and take responsibility for their integrity. All authors have read and agree to the article as written.
Results
Preoperative risk profile and operative data of our patient population are presented in Tables 1 and 2 .
We confirmed that 15 out of the 17 factors included in the EuroSCORE were significantly associated with hospital mortality in our series (Table 3) . Female sex and thoracic aorta operations were not significantly associated with hospital mortality. Table 3 includes the values of the AUC obtained for each factor at the ROC analysis. The best accuracy was attributed to the patient's age, followed by left ventricular EF, serum creatinine, emergency operations and then all other risk factors. The 17 risk factors were arbitrarily ranked according to (1) their AUC value and (2) their odds ratio and 95% confidence interval for operative mortality.
Interactions between the risk factors were not considered.
Seventeen risk models were then created, with model 1 including only age and each subsequent model including one additional risk factor, following the order described in Table 1 Preoperative risk profile and observed mortality rate of the patient population (N = 11 150). The AUC value of 0.764 from the five-factor model was the best value obtained. Adding subsequent factors did not improve the accuracy of the models, with the AUC fluctuating between 0.755 and 0.762.
Statistical and calibration properties of the models are shown in Table 4 . All the models had a non-significant P value at the Hosmer-Lemeshow statistics. However, the best fit was demonstrated by the models including 5-10 factors. There was a trend for a negative association between number of factors included in the model and calibration properties when testing the two variables with regression analysis. The odds ratios for operative mortality reach the highest value for a three-factors model, and then decrease with increasing number of factors included in the models. Fig. 2 reports the observed versus predicted mortality rate in the 17 models considered. Models including up to three factors (age, EF and creatinine) significantly underestimated the operative mortality risk. By adding a fourth factor (emergency operation), the predicted mortality was not Fig. 1 . Accuracy of the 17 models according to the area under the curve at the receiver operating characteristics analysis. The higher the area, the higher the accuracy. significantly different from the observed; the best fit was reached with a five-factors model (by adding non-isolated CABG operation), and maintained within a non-significant difference by adding factors up to 10. Any other model including more than 10 factors significantly overestimated the operative mortality risk.
In a subsequent step (Fig. 3) we have repeated the same analysis for different risk-stratification groups, considering patients at low risk (additive EuroSCORE <3), medium risk (additive EuroSCORE 3-5) and high risk (additive EuroSCORE >5). In patients at low risk, the best fit was obtained by the five-factors model, without changes when adding any other risk factor. In patients at medium risk, the best fit was obtained by a three-factors model, with all the models including additional factors significantly overestimating the operative mortality risk. Finally, in the high-risk patient population, all the models including less than seven risk factors significantly underestimated the operative mortality risk; the best fit was obtained by a 12-factors risk model and models with up to 16 risk factors provided a non-significantly different prediction for operative mortality.
Comment
The main results of our study are the following: After its introduction, the EuroSCORE was tested under many different conditions. A number of studies validated this scoring system in both its additive and logistic forms [3] [4] [5] [6] [7] [8] [9] [10] [14] [15] [16] [17] . The great majority of these studies used an ROC analysis to assess accuracy; some of them included a calibration test (Hosmer-Lemeshow). The results of these studies are summarised in Table 5 , together with the results obtained by the five-factor model. The AUC for the EuroSCORE range from 0.74 to 0.83, with an outlier value of 0.87 in the Finland subset of the EuroSCORE patients, was published by Roques and coworkers [3] . Data gathered up to 2003 did not raise concerns about the calibration of the EuroSCORE; subsequently, a significantly poor calibration was demonstrated for both the additive and the logistic EuroSCORE in three series of patients [5, 9, 10] .
In our study, the logistic EuroSCORE demonstrated values of accuracy within the standard range of the previous studies (AUC 0.75) and an acceptable calibration. However, models including a limited number of variables, and a five-factors model had the same accuracy, a better calibration and a better clinical performance than the EuroSCORE.
These results confirm our previous study [12] where, in elective patients who had undergone cardiac surgery, the Fig. 2 . Predicted versus observed operative mortality rates in the overall population. Dashed line: observed mortality rate; grey area: 95% confidence interval for observed mortality rate. Fig. 3 . Predicted versus observed operative mortality rates in subgroups of patients stratified for predicted mortality. Dashed line: observed mortality rate; grey area: 95% confidence interval for observed mortality rate.
ACEF score provided a better accuracy and clinical performance than the EuroSCORE.
Even if somehow provocative, the information that risk models based on very few factors may perform better than more complex models has many statistical bases.
It is well known that including too many variables in risk models increases the possibility of errors and may result in statistical overfitting and instability [10, 18] . There are risks involved in including many independent variables within multivariable logistic models. In fact, when numerous variables are included in an attempt to 'control' or 'adjust' the data, the accuracy of the results may be threatened [11] , and the general advice of the statisticians is to be parsimonious in selecting independent variables. Wells and colleagues concluded, '. . .less is more in multivariable analysis. Instead of including all the many variables that might be statistically significant, the analysis can be more consistent and effective if confined to the few variables or pre-selected combinations of variables that are the most powerful predictors' [19] .
Our study demonstrates that the higher the operative risk of the patient, the higher the number of factors needed to achieve a good clinical performance. In patients at low-tomedium risk, a five-factors model is well performing, but in high-risk patients, of course, more factors are needed. However, it is likely that in presence of a high-risk pattern, the best risk stratification may be reached by very complex models, requiring specific risk calculators that could take into account a very high number of individual factors (as the one proposed by the Society of Thoracic Surgeons). This information may be useful for providing an adequate risk stratification to the patients required to sign an appropriately informed consent to the operation.
There are many reasons for limiting the number of risk factors in a mortality risk model for cardiac surgery. Many cardiac surgery institutions are doing a yearly number of operations that is lower than 1500. Clinicians considering the use of a risk index within these institutions have three options: (1) to simply use the existing external scores, knowing that the identified risk factors and the weight attributed to them may not correctly reflect their patient population, (2) to adjust the weight of the risk factors based on their own data and (3) to derive a totally new internal model from their own data and recalibrate it episodically. This last option offers the best accuracy and performance [21] . However, if an institution is performing 1200 elective cases per year with a mortality rate of 4%, the yearly number of events is 48 and a model built on this basis would admit only five factors. It is, in fact, generally accepted that the number of independent variables that can be included in a multivariable logistic regression depends on the number of events, with a ratio of 10 events for each independent variable [12] .
Therefore, when recalibrating a logistic risk model in a patient series where the event (mortality) occurred in no more than 40-50 patients, the model is overfitted if it includes more than five predictors. A second problem is that increasing the number of risk factors increases the risk for multicollinearity, which is defined as the presence of a high level of intercorrelation between two or more independent risk factors. For example, critical preoperative conditions, poor left ventricular EF and emergency operation have a high risk of intercorrelation. A third point is that increasing the number of factors may increase the human error rate. Many factors included in the EuroSCORE require a definition (unstable angina, chronic obstructive pulmonary disease, critical preoperative state and others), and inclusion/ exclusion of these factors may result from subjective considerations. Therefore, it is possible that different operators will provide different interpretations, resulting in a different final risk score, as has been demonstrated by other authors [20] .
The present study is not intended to confute the validity of the EuroSCORE. This scoring model is presently used in many cardiac surgery institutions, and it is considered a reference tool in many countries. However, we believe that the same level of accuracy, with a better calibration and a higher value on information, may be achieved with a limited number of risk factors, especially when a mortality risk model is not applied to very large national or international series [1, 4, 10, 16] but rather to local, institutional series not exceeding 1000-1500 patients. 
